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From our studies of this problem, we found that it is possible to raise the critical speed for wing flutter to a far greater extent, even beyond that of the case of a fixed aileron, by merely inserting suitable elastic and damping resistances between the main wing and the aileron.
As a matter of fact, it is possible even for an aeroplane with fixed aileron to flutter were the machine to change its attitude from one of horizontal flight to steep dive under certain conditions with respect to its centre of gravity and to those of its linear and angular velocities, when it is, then, even possible for the angle of incidence to assume zero or negative value. The importance of raising the critical speed beyond that in the case of a fixed aileron is so obvious that no comment will be needed.
The case here discussed concerns the torsion-aileron type of wing vibrations, when the wing is most liable to flutter.
The wing model used in the experiments was of the U.S.A. 35A type of span, b = 34 cm, and chord, 1=10 cm, and it was made to oscillate only in the torsional sense about an axis, e= 1.5 cm, behind the leading edge. An aileron of chord, 1A = 2.5 cm (its centre of gravity is s w = 6.7 cm behind the torsional axis), extended throughout the whole span of the main wing. By means of this simple construction we were able to compare the experimental result with the mathematical theory," namely the solutions of the equations of motion in which where / is the angular displacement of the main wing about its torsional axis and 6 that of the aileron about its hinge axis relative to the main wing, both taken in the sense as usually done in the angle of attack. The numerical constants obtained by the respective preliminary experi-K. SEZAWA, S. KUBO and H. MIYAZAKI. [Vol. 12,  ments are such that /o (angle of incidence) = -5°, OT= 7.35.103, DT= 104, ET=3.83.107 (all in C. G. S. units), aCmlapo=1.02, aCA/ago=0916, z=(aC,n/ago)/(aCm/a9o)=0.5, e=(aCA/aPO)/(aCA/ago)=0.36, p being air density. Our present object was to ascertain the effect of differences in elastic resistance EA, viscous damping DA, the moment of inertia of aileron mass OA (mass = mA), distance of the centre of gravity of that aileron behind its hinge 3A, etc., the variation in these values in the experiments being shown in Table I . Both elastic and damping resistances increase in the alphabetical order of the cases mentioned in With a view to obtaining a mathematical confirmation of the foregoing phenomenon, we solved the problem by our theoretical method,'' using the numerical constants (obtained by preliminary experiments)
shown in Table I , etc. ; the results are marked by dots in Fig. 1 . The results in both cases, namely the mathematical and the experimental, fairly agree, though not perfectly. Although the validity of the problem has been confirmed theoretically, there still remains the question whether it is EA or DA that plays the essential part in the problem, seeing that both EA and DA in Table  I vary in the same sense. In order to satisfy ourselves on this point, we calculated mathematically the cases in which EA and DA vary independently ; the results are shown by a series of curves also in Fig. 1.  The numerals (0, 0.1, 0.2, . .., oo) affixed to the respective curves in this figure indicate cases of different DA's (in C. G. S.) as shown in Table II . Curve oo corresponds to the case in which the aileron is fixed to the wing, whereas the lowest point of curve 0 (or of the chain line), namely the point at ordinate EA= 0, corresponds to that in which the aileron is perfectly free. The above result appears to be related in someway to the vibration damper consisting of a coupled oscillator, as recently introduced in mechanical engineering.
Although the fact that the smaller the value of DA, for a certain range of EA values, the higher the value of the critical speed invaluably assumed by it, may appear strange, the matter can be explained very simply : in the present model experiment on wing flutter, the aerodynamic damping contributes to a great extent to the damping force, the result being that even in the case DA = 0, the resultant damping is still too large to raise most effectively the critical speed.
In an actual case, on the other hand, as the aerodynamic damping force would be smaller compared with the aileron inertia force. etc., the DA value must have a certain magnitude.
In an actual aeroplane, since the aileron has a very strong elastic resistance owing to that of the control cables, it is practically impossible to use the aileron directly as a vibration damper.
On this account it would be advisable for that purpose to fit such an independent elastic oscillator. After these investigations had been concluded, Mr. Itokawa kindly informed us that aileron shock absorber " repousseau," recently invented by the Repousseau Aviation, and which appears to be fitted to many French aeroplanes, might give rise to a somewhat similar effect in the attempt to prevent wing flutter ; but since the absorber in question has to be connected to the control cables in series, the EA value merely corresponds, like the usual shock absorbers, to that at a certain special ordinate in Fig. 1 , so that it would hardly be possible to adjust EA to its most suitable condition.
According to our present ideas, the repousseau could be made more effective for preventing wing vibrations were it connected to another oscillator, say, one not connected with the aileron.
